] recently observed that when the produced-lepton's mass plays an important role, the charged-current quasielastic cross section for muon neutrinos can be higher than that for electron neutrinos. Here I argue that this effect appears solely in the theoretical descriptions of nuclear effects in which nucleon knockout requires the energy and momentum transfers to lie in a narrow range of the kinematically allowed values.
I. INTRODUCTION
In a recent article [1] , Martini et al. analyzed the cross section for charged-current (CC) scattering of electron and muon neutrinos off the carbon target, obtained within two theoretical approaches, the continuum random phase approximation (RPA) [2] and the local Fermi gas model with the RPA effects accounted for using the model of Refs. [3, 4] . One of the findings of Ref. [1] is that at the kinematics where the charged-lepton's mass plays an important role-such as low scattering angles and low neutrino energies-the quasielastic (QE) cross section for muon neutrinos is higher than that for electron neutrinos, contrary to what could be naively expected based on the phase-space availability. Here I point out that this finding is particular to the approaches in which bound nucleons can only be removed from a narrow kinematic region.
II. RELATIVISTIC FERMI GAS MODEL
As an illustrative example, consider the process of CC QE neutrino interaction with a nucleus described within the relativistic Fermi gas (RFG) model. For the energy transfer ω, the kinematically allowed range of the momentum transfer |q| is given by the condition [5] 
where h = (ω − + E F ) 2 − M 2 and E F = M 2 + p 2 F , with p F being the Fermi momentum and denoting the separation energy. In numerical calculations, I employ the values p F = 221 MeV and = 25 MeV [6] . The minimal energy transfer required for the interaction to happen is ω min = E To produce a charged lepton of mass m at the scattering angle θ, a neutrino of energy E ν has to probe the allowed swath of the (ω, |q|) values at 
The difference between the electron and muon masses, m e = 0.51 MeV and m µ = 105.66 MeV, can affect the phase space available for quasielastic interaction when (i) the neutrino energy or (ii) the charged-lepton's energy are comparable to m µ , or when (iii) the scattering angle is sufficiently small.
These features are shown in Fig. 1 , comparing the kinematics accessible for CC QE interactions of neutrinos of energies 200 and 600 MeV and scattering angles 5
• and 60
• . For low neutrino energies and small scattering angles, the muon-electron mass difference plays an important role and the kinematics probed by electron and muon neutrinos differ sizably, see the solid lines in Fig. 1 (a) corresponding to 200-MeV neutrinos scattering at 5
• . On the other hand, when neutrino energy is significantly higher than the muon mass and the scattering angle is large, electron and muon neutrinos probe the nuclear response at essentially the same values of the energy and momentum transfers; see the dotted lines in Fig. 1(b) corresponding to 600-MeV neutrinos scattering at 60
• . At small angles, the RFG model with Pauli blocking yields a CC QE cross section that is higher for muon neutrinos than for electron neutrinos, see Table I . It is a consequence of the strong constraint that this approach imposes on the allowed values of ω and |q|, clearly visible in Fig. 1(a) , which affects electron neutrinos much more significantly than muon neutrinos.
However, when the effect of Pauli blocking is neglected, the accessible phase space broadens by gaining an additional area in the (ω, |q|) space, represented by the darkshaded regions in Fig. 1 . As a result, the CC QE cross section of muon neutrinos becomes lower than that of electron neutrinos, even at low energies and small scattering angles, see Table I .
III. SPECTRAL FUNCTION APPROACH
The same holds true when the ground-state properties of the carbon nucleus are described using the realistic spectral function (SF) [7, 8] or even only its mean-field (shell-model) part [9, 10] , as shown in Table I . Also in these cases, the broad swath of the allowed (ω, |q|) values, presented in Fig. 2 , ensures that the ν e CC QE cross section is not suppressed. At small scattering angles, the interaction process is dominated by low energy transfers, see Supplemental Material [11] , and is largely unaffected by the short-range correlations taken into account in the estimate of the full SF. As a consequence, the cross section ratio
d cos θ does not change significantly when only the mean-field SF is applied in the calculations.
IV. GENERAL CASE
Consider the general case, in which removal of a nucleon of the initial momentum |p|, 0 ≤ |p| ≤ p max , leaves the residual (A − 1)-nucleon system with the excitation energy E, E min ≤ E ≤ E max , with negligible final-state interactions. The mass of the residual system can vary between
Then, the kinematically allowed range of the momentum transfer is |q| min ≤ |q| ≤ |q| max , with
where
The broader the allowed ranges of |p| and E, the broader the allowed swath of the (ω, |q|) values. However, for CC QE scattering of 200-MeV neutrinos at 5 degrees, the ranges 0 ≤ |p| ≤ 240 MeV and 15 ≤ E ≤ 35 MeV are sufficient for the maximal allowed energy transfer for ν e 's to be higher than that for ν µ 's. This feature results from lack of one-to-one correspondence between the initial momentum of the struck nucleon and the excitation energy of the residual system, which sizably broadens the allowed kinematics in the region of low energy and momentum transfers, the most significant for scattering at small angles.
V. SUMMARY
In the theoretical approaches in which the kinematics of nucleon knockout is strongly constrained-such as the RFG model with Pauli blocking-the CC QE cross section of muon neutrinos can, in fact, be higher than that of electron neutrinos at small scattering angles, as observed by Martini et al. [1] . However, this effect does not appear when the allowed swath of the energy and momentum transfers is broader. This is the case, for example, when a theoretical model is able to cover the shell structure determined from the available experimental data [9, 10] and account for the observed lack of one-to-one correspondence between the momentum of the struck nucleon and the excitation energy of the residual nucleon system.
